Gynura Procumbens Ethanolic Extract Promotes Lymphocyte Activation and Regulatory T Cell Generation in Vitro by Dwijayanti, D. R. (Dinia) & Rifa\u27i, M. (Muhaimin)
THE JOURNAL OF TROPICAL LIFE SCIENCE                                                      OPEN     ACCESS Freely available online
VOL. 5, NO. 1, pp. 14-19, January, 2015                                                                       
Gynura procumbens Ethanolic Extract Promotes Lymphocyte Activation and 
Regulatory T Cell Generation In Vitro
Dinia Rizqi Dwijayanti1, Muhaimin Rifa'i1*
1Department of Biology, Facullty of Mathematic and Natural Sciences, University of Brawijaya, Malang, Indonesia
ABSTRACT
Immune system is a system of biological structures and processes within organism directed to protect
against invaded pathogen. Cellular and humoral immune system mediated by immunocompetent cells such as
CD4+ T cells, CD8+ T cells, CD4+CD25+ T cells, and B220 cells play important role for maintaining immunologi -
cal surveillance. The purpose of this study was to determine the effect of ethanolic extract of  G. procumbens
leaves (EEGL) on the profile of CD4+ T cells, CD4+CD25+ T cells, and B220+ cells. Splenic cells were isolated from
BALB/c mice and cultured in RPMI1640 medium in the presence of EEGL. After 4 days of incubation, cells were
harvested, stained with antibodies and analyzed by flow cytometer. The data were analyzed by one-way ANOVA
with α= 0.05 and Tukey test using SPSS 16.0 for windows. The results showed that the extract of G. procumbens
could increase proliferation of CD4+CD62L- T cell, CD4+CD25+ T cells, and B220+ cells compared to the control.
Here, we showed the biological effect of G. procumbens as medicinal herb with immunomodulatory activity and
the dose of 0.1 µg/ml and 1.0 µg/ml could promote T cell activation compared to the highest dose of 10 µg/ml. In-
terestingly, the dose of 10 µg/ml rather promote than inhibit B cell proliferation. 
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Immune system is a defense system which protects
the body from pathogen. It consists of cellular and hu-
moral immune system. Cellular immune system is the
immune system mediated  by T cells  either  T helper
cells (CD4+) or cytotoxic T cells (CD8+). Besides, the
cellular immune system cells also contain the regula-
tory T cells CD4+CD25+ cells which have a function to
control the performance of CD4+ and CD8+ T lympho-
cytes.  Humoral immune system is the immune system
involving  activation  of  B  cells  (B220+)  and  antibody
production.  Immune system can be  activated  by the
presence of foreign antigens as well as by the induction
of immunomodulatory compounds [1,2].
G. procumbens is native plant from China, Myan-
mar  and  some  Asian  countries  such  as  Indonesia,
Malaysia,  and  Thailand.  In  Indonesia  it  is  widely
grown in Java, Sumatra, and Bali [3]. Based on the re-
sults of previous studies,  G. procumbens leaves have
benefit to cure various kinds of diseases. It has been
known that the extract of  G. procumbens containing
anti-hyperglycemic cures diabetes mellitus by decreas-
ing blood glucose level.  G. procumbens has  a hypo-
glycemic effect and its leaves extract has an anti-hyper-
lipidemia property [4-7]. Another benefit of its leaves
was reported to cure inflammation of eyes, toothache,
rheumatic, cysts, and tumors. Anticancer effect of  G.
procumbens plants is associated with high antioxidant
content.  In addition,  some studies indicated that the
ethanol extract of  G. procumbens leaves is able to in-
hibit  the process  of angiogenesis  [8-10].  G. procum-
bens is also known for its anti-angiogenesis agent with
an ability to inhibit the formation of new blood vessels
so that the distribution of food to cancer cells is inhib-
ited. However, tumor progression is not only mediated
by angiogenesis but also the over expression of mor-
talin molecules [11-15].
A qualitative analysis of  G. procumbens by thin-
layer  chromatography  had  detected  the  presence  of
sterols, triterpenes, phenolic compounds, polyphenols,
and essential oils in that medicinal plant.  G. procum-
bens contains  sterols,  sterol  glycosides,  quercetin,
kaempferol-3-O-neohesperidosida,  kaempferol-3-gluco-
side, quercetin-3-ramnosil,  galactoside,  and quercetin-
3-O-ramnosil  glucoside  [1-6,15,16].  The  results  of
JTLS | J. Trop. Life. Science 14 Volume 5 | Number 1 | January | 2015
INTRODUCTION
 
*Corresponding author:
Muhaimin Rifa’i, Ph.D. 
Department of Biology, Faculty of Mathematics and Natural 
Sciences, University of Brawijaya, Malang 65145, Indonesia
Phone/Fax: 62-341-575841/62-341-575841, e-mail: rifa123@ub.ac.id
Gynura procumbens Ethanolic Extract Promotes Lymphocyte Activation
study  showed  that  the  polar  fraction  of  ethanol  G.
procumbens leaves  has  three  classes  of  flavonoids:
flavones, auron, and flavonols.16 Flavonoids contained
in  the  ethanol  extract  of  G.  procumbens are  im-
munomodulatory  compound.  An immunomodulatory
compound  has  worked  to  increase  or  suppress  the
body's defense mechanisms, both specific and non-spe-
cific,  as well  as cellular and humoral defense mecha-
nisms. Most immunomodulatory compounds enhance
the immune system by increasing the proliferation of
immunocompetent cells [17].
Culture Preparation 
In this  experiment  we used RPMI 1640 medium
containing 10% Fetal Bovine Serum (FBS), 1% of an-
tibiotics penicillin and streptomycin, 50 µM of 2-mer-
captoethanol,  and  1.0%  α-CD3  (supernatant).  This
medium was filtered with cell strainer (Millipore mem-
brane).  G. procumbens extract powder was 0.2 g and
dissolved in 200 ml of sterile water as a stock solution
with 1 mg/ml concentration. 100 µl of stock solution
was diluted in 9900 µl medium as a dose 1 medium
with 10 µg/ml concentration. Dose 1 medium was also
filtered  with  cell  strainer  and  transferred  to  a  new
propylene tube. 500 µl of dose 1 medium was diluted
in 4500 µl medium, to obtain dose 2 medium with 1
µg/ml concentration. 500 µl of dose 2 medium was di-
luted in of 4500 µl medium, and it would be dose 3
medium with 0.1 µg/ml concentration. 
Cell Isolation and Calculation
Spleen  was  isolated  and  washed  in  petri  dish
containing PBS, transferred to another petri dish which
also contained PBS and then crushed. The suspension
was  transferred  into  a  polypropylene  tube  and  then
centrifuged with a speed of 1500 rpm for 5 minutes at
10˚C.  Pellet  was  resuspended  in  1  ml  of  medium.
Nucleated cells were calculated by taking 10 µl of this
suspension and added with 90 µl Evans blue then the
number of cells was counted with haemocytometer.
Cell culture
Splenic  cells  (3x106) were cultured in RPMI-1640
medium containing  10% Fetal  Bovine  Serum (FBS),
1% penicillin and streptomycin, 2-mercaptoethanol 50
µM, and 1% α-CD3 supernatant in 48 well plates. Cell
cultures were incubated in 5% of CO2 at 37˚C for 4
days.  After  4  days,  cells  were  harvested  then
centrifuged with a speed of 1500 rpm for 5 minutes at
4˚C.  Pellets  were  then  subjected  to  cell  surface
molecule staining.
Flow cytometry Analysis
Antibodies used in the study were FITC-conjugated
rat anti-mouse CD4, PE-conjugated anti-mouse CD25
(clone PC61.5), PE/Cy5-conjugated anti-mouse CD62L
(clone  MEL-14),  and  PE/Cy5-conjugated  anti-mouse
B220.  Samples were incubated in the ice box for 30
minutes. Each sample was added with 500 µl PBS and
transferred  to  the  flow  cytometry  cuvettes.  Samples
were ready for running with flow cytometry.
Data Analysis
Flow  cytometry  results  were  visualized  by  BD
CellQuest PRO™ software, tabulated, and analyzed by
ANOVA analysis with a significance of 0.05% in SPSS
version 16 for windows.
Data analysis
Data analysis  was performed using SPSS 16 with
Kruskal-Wallis  test,  Independent  T-test,  and Pearson
correlation test with α<0.05.
G.  procumbens extract  had an ability  to  activate
CD4 T cells indicated by the loss of CD62L molecule.
G. procumbens leaves with 10 µg/ml concentration was
able to increase a relative number of activated T cells
significantly (p<0.05). At these concentrations, the rela-
tive number of CD4+CD62L+ T cells was 61.90% and
the  relative  number  of  CD4+CD62L- T  cells  was
38.10%.  G. procumbens leaves ethanol extract in cell
culture  showed  a  significant  increase  (p>0.05)  of
CD4+CD25+ regulatory T cells compared with controls
(Figure 2). The relative number of CD4+CD25+ T cells
in control was 14.92%, while relative number of cells
in the dose 1 reached 18.66%.  G. procumbens leaves
ethanol extract was able to increase the relative number
of B220+ cells from 10.96% in the control to be 26.97%
in the dose 1 extract  (Figure 3). Based on statistical
tests with one-way ANOVA, the results differ signifi-
cantly with p<0.05. However, another case with CD4+
T cells both CD4+CD62L- and CD4+CD25+ T cells, ex-
tract with dose 2 and dose 3 actually gave effect to the
decrease  of  relative  B220+ cell  when  compared  to  a
control namely 8.27% and 7.79%. The relative number
of  cells  in  the  control  was  significantly  different
(p<0.05%)  with  dose  2  and  3  treatments,  while  be-
tween dose 2 and 3 did not differ significantly. The de-
crease in the relative number of B220+ cells at dose 2
and  3  compared  to  the  control  indicated  that  G.
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procumbens has  role as  immunostimulant,  besides  it
may also act as an immunosuppressant. The immuno-
suppressant  has  opposite  works  with  immunostimu-
lant.  Immunosuppressant  tends  to  inhibit  the  tran-
scription process  of  cytokines  so that  cytokines  play
role as the little cell activation levels [1].
CD62L are molecules mediating naive T cell migra-
tion to the peripheral lymphoid organs which are the
site of initiation of the immune response [1]. In the
control treatment, the relative number of naive CD4 T
cells (CD4+CD62L+) was 70.88% and the relative num-
ber  of  CD4  T  cells  that  had  been  activated
(CD4+CD62L-) was 29.12% (Figure 1).  It showed that
in the control treatment, CD4 T cells had not been ac-
tivated. The administration of extract with 1 µg/ml and
0.1 µg/ml concentrations showed higher cell activation
significantly than that of control and treatment with a
dose  of  10  µg/ml  (p<0.05).  The  relative  number  of
CD4+CD62L+ T cells at concentration of 1 µg/ml and
0.1  µg/ml  extract  were  51.81% and  50.91% respec-
tively,  whereas  CD4+D62L- T cells  were 48.19% and
49.09% respectively. The extract dose of 1 µg/ml and
0.1 µg/ml to activate CD4 T cells showed no signifi-
cant  difference  (p>0.05).  This  data  showed  that  the
ethanol extract of G. procumbens leaves was able to in-
crease the relative number of activated CD4 T cells.
This  increase provided evidence  that  G. procumbens
has  an  ability  as  immunostimulant.  Immunostimula-
tory compound is able to inhibit the activity of mito-
gen-Activated Protein Kinase (MAPK) [18]. MAPK is
JTLS | J. Trop. Life. Science 16 Volume 5 | Number 1 | January | 2015
   
Figure 2. T cell stimulation using ethanol extract of G. procumbens for four days showed the increase of CD4+CD25+ T cells. Spleen 
cells were cultured in RPMI medium for four days. The up left panel is control without addition of ethanol extract of G. 
procumbens. In the up right panel, cell culture was added with 10 µg/ml ethanol extract of G. procumbens, in low left 
panel cell culture was added with 1 µg/ml ethanol extract of G. procumbens, and in low right panel cell culture was added
with 0.1 µg/ml ethanol extract of G. procumbens. On day 4, cell culture was harvested and analyzed by flow cytometry. 
CD4+CD25+ T cells were presented in relative number. Data were mean ± SD values of five mice in each group.
   
Figure 1. T cell stimulation using ethanol extract of G. procumbens for four days increased the number of activated T cells. Spleen 
cells were cultured in RPMI medium for four days. The up left panel is control without G. procumbens ethanol extract 
addition.  In the up right panel, cell culture was added with 10 µg/ml ethanol extract of G. procumbens. In low left panel,
cell culture was added with 1 µg/ml ethanol extract of G. procumbens. Meanwhile, in low right panel cell culture was 
added with 0.1 µg/ml ethanol extract of  G. procumbens. On day 4, cell culture was harvested and analyzed by flow  
cytometry. Naïve (CD4+CD62L+) and activated (CD4+CD62L-) T cells were presented in relative number. Data were mean
± SD values of five mice in each group.
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also known to play role in the activation of immuno-
competent cells because it can induce the increase of
cytokines IL-2. Exposure to IL-2 on the cell will cause
cyclin  D2  and  cyclin  E  concentration  increase,  and
serves to activate cyclin-dependent kinases (cdk) [19].
IL-2 is also capable to reduce the concentration of p27
protein that plays role in the inhibition of cdk activity.
If the active cdk and p27 are inhibited then the cells
will  be  induced  to  resume  cell  cycle  from G1  to  S
phase and the cells will proliferate [20].
Regulatory  T  cells  are  CD4+ T  cell  population
which  express  CD25  molecule,  CD4+CD25+.  CD25
molecule is the alpha chain of the IL-2 receptor (IL2-
Ra)  [21-22].  The  treatments  of  dose  2  and  dose  3
resulted  in  increasing  the  relative  number  of  cells
namely 25.11% and 25.14%, respectively. These num-
bers had significant differences (p<0.05) compared to
control and dose 1 namely 14.92% and 18.66%, respec-
tively.  The  changes  of  CD4+CD25- T  cells  into
CD4+CD25+ could occur when CD4 T cells were acti-
vated by stimuli such as immunomodulator substances.
An increase in the number of CD4+CD25+ T cells re-
lated to the increase of IL-2 production resulted by the
G. procumbens stimulation. In addition to the direct
stimulus of G. procumbens extract, CD4+ T cells which
have been activated will also secrete IL-2 as a growth
factor for both itself and other cells, one of which is a
CD4+CD25+ T  cell.1  The  increasing  number  of
CD4+CD25+ T  cells  is  also  related  to  the  role  of
CD4+CD25+ T  cells  in  the  regulatory  mechanism to
balance the number of CD4+CD62L- T cells, CD4+ T
cells that have been activated. According to Rifa’i et al.,
CD4+CD25+ T cells have important role in the immune
system to create tolerant and maintain normal home-
ostasis. CD4+CD25+ T cells are able to control effector
cell  functions  that  have  been activated  [23-24].  This
ability is necessary to avoid the presence of autoreactiv-
ity effector cells. 
The activation of B lymphocytes (B220+) and anti-
body production include in humoral immune response
to protect the extracellular area [1]. Activation of B220+
cell is also one of the most important parts in the body
defense mechanism.  The increase in relative number
of B220+ cells after administration of  G. procumbens
extract  was  closely  associated  with  the  increase  of
MAPK and IL-2 production. Craxton et al. further ex-
plained that MAPK also has a function to activate Nu-
clear Factor Kappa  b (NF-kb). NF-kb is a transcrip-
tion factor which stimulates B220+ cells to proliferate
and differentiate [25]. Under these conditions, the  G.
procumbens leave’s  ethanolic extract may become an
immunostimulator as well as immunosuppresant. Ac-
cording to Schroeter et al., the action of compound is
very complex, sometimes synergistic and antagonistic;
in the other time it  depends on the specific compo-
nents used, cell type, concentration, and experimental
design. The statement proved that the difference in cell
types respond differently to the same exposure of com-
pound with the same concentration. In particular, this
is the case in dose 2 and 3 whose effect is the increase
in the relative number of T cells CD4+CD62L- T cells
and CD4+CD25+, but it gives the effect of decrease in
the relative number of B220+ cells [26].
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Figure 2. Culture cell stimulation using ethanol extract of G. procumbens for four days showed the increase of B220+ cells. Spleen 
cells were cultured in RPMI medium for four days. In the in up left panel, cell culture was without ethanol extract of G. 
procumbens. In up right panel cell culture was added with 10 µg/ml ethanol extract of G. procumbens, in low left panel 
cell culture was added with 1 µg/ml ethanol extract of G. procumbens, and in low right panel cell culture was added with 
0.1 µg/ml ethanol extract of G. procumbens. On day 4, cell culture was harvested and analyzed by using flow cytometry. 
B220+ cells were presented in relative number. Data were mean ± SD values of five mice in each group.
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Based  on  the  results  and  discussion,  it  can  be
concluded  that  the  extract  of  G.  procumbens may
increase  proliferation  of  CD4+CD62L- T  cell,  T
CD4+CD25+,  and  B220+ compared  to  the  control.  1
µg/ml and 0.1 µg/ml doses showed the highest ability
of T cell activation compared to 10 µg/ml dose, but it
gives a suppressant effect on B cells. 10 µg/ml dose has
the highest ability for B cell activation compared to the
1 µg/ml and 0.1 µg/ml doses. 
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